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ABSTRACT 

EFFECT  QF  ENZYMATIC  FUNCT  RDNAJL  GROUP  INHIBITORS  ON 

PROTEOLYTI3C  enzymes  of  crqtalgs-  atrqe  venom 

OBJECT 


To  determine  the  effects  of  several  functional  group— specific  in¬ 
hibitors  of  enzymes  and;  of  metal  ions  an.  the  activity;  of  the  proteolytic 
enzymes  of  Cro talus  atrox:  venom..  To  attempt  to  discern  the  type  and 
number  of  proteolytic  enzymes  present  in  crude  venom  and  to  obtain  a 
detoxified,,  yet  immuno Logically,  active  venom. 

RESULTS 

Only  casein  a  Lytic  activity  seems  to  be  appreciably  inhibited  by 
suifhy.dryl  groups  specific  reagents..  All  proteases  are  inhibited  by 
thioL-containing  compounds..  Diisopropylflnorophaephate  inhibits  onLy 
proteolytic  activity,  with  N-ben zoy  1- DL - ar  ginin  e-p- nitroanilirie  as  sub¬ 
strate..  N— bromosurcmirnide  inhibits  only  proteolytic  activity  an  Con¬ 
go  coll  and  N-benzoy.L-EHL-arginine— p-nitroanilide..  Ethyienadiamine- 
tetraacetate  inhibits  proteolytic  activity  on  all  substrates  bested  except 
N-benzoy L— DL-argin in e— p-nitroanilide..  e— Amino-n-caproic  acid  en¬ 
hances  caseinolysis  at  low  concentrations  and  inhibits  at  higher  con¬ 
centrations.  Calcium  ions  and  other  divalent  alkaline  earths  have  a 
general,  activating  effect  on.  proteolytic  activity  of  venom..  Heavy 
metal  ions,,  in  general,  have  an.  inhibitory,  effect  on  proteolytic  ac¬ 
tivity.. 

CONGLUSBDNS 

The  utilization  of  some  of  the  functional  group-specific  reagents 
in  possible  production  of  detoxified,  immuno  chemically  responsive 
venom  should  be  determined.  Some  of  these  reagents  should  be  studied 
for  their  usefulness  in  Local  treatment  of  snakebite.. 
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EFFECT  OF  ENZYMATIC  FUNCTIONAL  GROUP  INHIBITORS  ON 
PROTEOLYTIC  ENZYMES  OF  CROTALUS  ATROX  VENOM 


INTRODUCTION 


It  is  generally  known  that  most  Crotalid  snake  venoms  manifest 
proteolytic  activity.  Several  investigators  have  reported  the  presence 
of  more  than  one  proteolytic  enzyme  in  some  snake  venoms  (1-8). 

The  importance  of  proteolytic  enzymes  of  certain  snake  venoms 
is  found  in  their  relationship  to  the  toxicity  of  venom.  Maeno  et  al. 
(9-12)  have  demonstrated  that  proteolytic  enzymes  and  phospholipase 
A  are  responsible  for  myolysis  produced  by  an  intramuscular  injection 
of  Habu  venom  into  animals.  One  of  the  proteolytic  enzymes  in  this 
venom  has  been  shown  to  produce  myolysis  with  hemorrhage,  whereas 
phospholipase  A  has  been  found  to  cause  significant  myolysis  and  edema 
without  hemorrhage  (12).  Recently,  Ohsaka  et  al.  (5)  provided  evidence 
for  the  presence  of  at  least  two  hemorrhagic  principles  of  Habu  venom, 
both  of  which  were  associated  with  proteolytic  activity.  Several  other 
investigators  have  sought  correlations  between  the  toxicity  of  snake 
venoms  and  their  enzymic  activities  (3,  4,  13-21). 

Biochemical  knowledge  of  the  nature  of  enzymes  of  snake  venoms 
is  exiguous.  To  date,  few  investigators  have  concerned  themselves 
with  elucidation  of  types  of  proteolytic  enzymes  in  snake  venoms,  func¬ 
tional  groups  responsible  for  their  enzymic  activity  or  possible  metal 
ion  activators  or  inhibitors. 

If  proteolytic  enzymes  or  other  enzymes  present  in  snake  venom 
are  responsible  for  toxicity  of  certain  snake  venoms,  and  these  en¬ 
zymes  can  be  inhibited  by  chemical  reagents,  it  is  possible  that  such 
chemical  reagents  (or  their  non-toxic  analogs,  if  toxic  themselves) 
might  be  used  as  drugs  in  clinical  treatment  of  snake  envenomation, 
either  alone  or  in  combination  with  established  methods  of  treatment 
(e.  e.  ,  incision  and  suction,  antivenin).  One  such  enzymic  inhibitor 
(ethylenediaminetetraacetate)  is  currently  being  used  as  an  antitoxin 
in  treatment  of  Habu  envenomation  (22).  It  might  also  be  possible  to 
inactivate  certain  toxic  principles  of  snake  venom  by  chemical  means 
and  yet  maintain  normal  immunologic  properties,  as  in  :he  case  of 
certain  enzymes  (23,  24). 

This  report  is  concerned  with  effects  of  several  well-known  func¬ 
tional  group  inhibitors  of  enzymes  and  with  effects  of  metal  ions  on  the 
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activity  of  proteolytic  enzymes  of  Crotalus  atrox  venom.  By  using 
more  than  one  substrate  to  assay  proteolysis  in  the  presence  of  dif¬ 
ferent  enzymic  inhibitors  one  can  demonstrate  how  different  proteo¬ 
lytic  enzymes  in  crude  venom  might  be  distinguished  without  prior 
separation.  Combined  use  of  enzymic  inhibitors  and  several  different 
substrates  should  also  yield  information  concerning  the  specificity  and 
mode  of  action  of  these  proteases.  This  report  also  lists  data  on  two 
proteolytic  enzyme  substrates  which  have  not  previously  been  used  to 
assay  snake  venom  proteases. 

MATERIALS  AND  METHODS 


Pooled  Crotalus  atrox  venom  was  collected  over  ice  from  sev¬ 
eral  hundred  rattlesnakes,  immediately  frozen  and  iyophilized  within 
two  weeks  after  collection  and  stored  in  the  cold  in  a  desiccator.  Im¬ 
mediately  before  use  the  venom  was  reconstituted  by  dissolving  it  in 
distilled  water  or  an  appropriate  buffer  and  centrifuged  to  remove  un¬ 
dissolved  matter. 

Casein  was  prepared  using  the  method  of  Dunn  (25). 

All  of  the  chemicals  used  in  these  studies  were  reagent  grade. 

Analytical  Methods.  Protein  content  of  venom  was  measured 
using  the  biuret  method  of  Gornall  et  al.  (26). 

Proteolytic  activity  on  casein  was  determined  by  means  of  the 
Kunitz  test  (27).  The  1.0%  casein  solutions  were  prepared  in  0.  05  M 
Tris  buffer,  pH  8.  0.  After  the  undigested  protein  was  precipitated 
with  ?.  0  ml  of  5.  0%  trichloracetic  acid,  it  was  allowed  to  stand  at 
37*  for  30  minutes,  then  filtered  through  Whatman  #50  filter  paper. 
The  proteolytic  activity  was  measured  in  terms  of  absorbancy  (Beck¬ 
man  DU  Spectrophotometer)  at  280  mp  with  blanks  from  which  1.0  ml 
of  venom  was  omitted.  Figure  1. 

Proteolytic  activity  an  congocoll  was  determined  using  a  mod¬ 
ified  procedure  of  Nelson,  Ciaccio,  and  Hess  (28).  One-half  ml  of 
venom  solution  in  0.05  M  Tris  buffer,  pH  8.0,  was  added  to  10.0  mg 
of  congocoll  in  a  test  tube.  After  incubation  for  30  minutes  at  37*, 
contents  of  the  tubes  were  diluted  to  10.  0  ml  by  addition  of  9.  5  ml  of 
buffer,  then  filtered  through  Whatman  #50  filter  paper.  Absorbancy 
of  tr.e  colored  solution  was  determined  at  495  mp  using  a  Beckman 
Model  E  Spectrophotometer,  Figure  2. 


Fig.  1-  Standard  curve  for  the  hydrolysis  of  1 .0"a  casein  by  proteases 
of  Crotalus  atrox  venom  at  pH  8.0  in  0.  05  M  Tris  buffer.  Absorbancy 
at  280  mp  plotted  vs.  milligrams  of  venom. 
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Fi£.  2.  Standard  curve  for  the  release  of  soluble  colored  products 
from  1  C.C  n.c  c .  r.c-c -II  at  pH  8.0  in  0.05  MTris  buiferbythe  action 
of  proteases  of  Crotalus  atrox  venom.  Absorbancy  at  495  mp  plotted 
vs.  concentration  of  venom  (mg/ ml). 


Proteolytic  activity  on  azocoll  was  determined  by  the  method  of 
Ridwell  and  Van  Heyningen  (29)  as  modified  by  Ohsaka  (6)  using  0.  2 
ionic  strength  sodium  phosphate  buffer,  pH  7.  4,  prepared  by  com¬ 
bining  and  diluting  to  2.  0  liters,  0.  5,  24.  3,  72.  0  ml  of  4.  0  M  sodium 
dihydrogen  phosphate,  0.  5  M  disodium  hydrogen  phosphate  and  5.0M 
sodium  chloride,  respectively.  Two-tenths  ml  of  venom  solution  was 
added  to  20.  0  mg  azocoll  and  5.  0  ml  of  phosphate  buffer.  The  mixture 
was  incubated  for  one  hour  at  37*  with  occasional  shaking.  The  reac¬ 
tion  was  stopped  by  filtering  off  the  remaining  substrate  with  Whatman 
#30  filter  paper.  The  intensity  of  color  of  the  resulting  filtrate  was 
measured  at  520  mp.  with  a  Beckman  Model  B  Spectrophotometer.  The 
relationship  between  venom  concentration  and  enzymatic  activity  is 
shown  in  Figure  3. 


VBM  OKSnuni  (ag/tf) 


Fig.  3.  Standard  curve  for  the  release  of  soluble  colored  products 
from  20.0  mg  of  azocoll  at  pH  7.40  in  sodium  phosphate  buffer  by  the 
action  of  proteases  of  Crotalus  atrox  venom.  Absorbancy  at  520  mp> 
plotted  vs.  concentration  of  venom  (mg/ml). 


Proteolytic  activity  on  N-benzoyl-DL-arginine-p-nitroanilide 
(BAPNA)  was  determined  by  a  modified  method  of  Haverback  et  al. 
(30).  One  ml  of  venom  solution  was  added  to  1. 5  ml  of  BAPNA  (1.0%) 
and  0.  5  ml  of  0.  1  M  Tris  buffer,  pH  8.  0,  which  had  been  incubated 
for  5  minutes  at  37*.  After  30  minutes,  1.0  ml  of  0.  2  N  HC1  was 
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added  to  stop  the  reaction.  Increase  in  optical  density.  Figure  4,  at 
383  mp  w as  used  to  indicate  proteolytic  activity. 


IBM  (mm  (ag/aO 


Fig.  4.  Standard  curve  for  the  hydrolysis  of  1  5.0  mg  of  BAPNA  at  pH 
8.0  in  0.  10  M  Tris  buffer.  Absorbancy  at  383  mp  plotted  vs.  concen¬ 
tration  of  venom  (mg/ ml). 


Proteolytic  activity  on  fibrin  blue  was  measured  in  a  manner 
similar  to  that  used  for  congocoll,  using  0.  2  ionic  strength  sodium 
acetate  buffer.  No  activity  could  be  detected  using  the  same  concen¬ 
trations  of  venom  as  were  used  in  the  congocoll  test. 

RESULTS 


pH  Optima.  Figures  5-7  illustrate  proteolytic  activities  of  ven¬ 
om  as  a  function  of  pH  in  different  buffers.  Proteolytic  activity  meas¬ 
ured  on  azocoll.  Figure  5,  shows  a  pH  optimum  at  8.0  in  0.  10  M  Tris 
buffer.  With  BAPNA  as  substrate  for  proteolytic  activity  the  pH  op¬ 
timum,  Figure  b,  has  a  broad  range  with  maximal  activity  at  8.  5  in 
sodium  veronal  buffer  (p  =  0.  2).  The  activity  at  pH  9.  0  in  sodium 
veronal  is  about  the  same  as  that  in  glycine  buffer  (p  =  0.2),  pH  9.  5. 

The  optimal  pH  for  proteolysis  measured  in  0.  05  M  Tris  buffer  with 
congocoll  as  substrate  is  9.0,  Figure  7  (page  7).  The  almost  two-fold 


Fig.  5.  Effect  of  pH  on  the  release  of  soluble  colored  products  from 
20-0  mg  of  azocoil  by  the  action  of  proteases  of  Grotalus  atroa  venom. 
Closed  circles.  0. 10  M  sodium  phosphate  buffer;  open  circles.  0. 10  If 
Tris  buffer.  Absorbancy  at  520  mp.  plotted  vs.  PH. 


Fig.  <a.  Effect  of  pH  on  the  hydrolysis  of  1APNA  by  proteases  of 
Crotalus  atrox  venom.  Open  circles,  ®.  02  M  sodium  phosphate  buf¬ 
fer;  open  triangles.  0.02  M  sodium  veronal  buffer;  open,  squares.  0.02 
M  glycine  b  offer.  Absorbancy  at  3S5  nyi  plotted  vs.  pH. 
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Fig.  7.  Effect  of  pH  cm  tine  release  of  soLuMe  colored  products  from, 
ccogocoll  by  the  action,  of  proteases  o£  Crotalns  ataroat  Tcmon.  Open 
square,  0.  05  M  sodium  acetate  buffer;  open  triangles-  ®.  ®5M  sodium 
phosphate  buffer;  open,  circles,  ®.  ®5  M  Tris  buffer.  Absorbancy  at 
495  nap  platted  t$.  pH. 


differerace  in  proteolytic  activity  between  pH  7.  5  in  0).  05  M  sodium 
phci’Spfeate  buffer  amrf  pH  ft.  ®  in  ©.  ©5  M  Tris  buffer  might  indicate  tbat 
pbospbate  inbibits  proteolytic  activity  on  congocoli. 

Effect  of  Dialysis.  As  shown,  in  Table  E,  about  E©%  of  the  biuret 
reacting  material  in  venom  is  removed  during  1 6 -1ft  hours  dialysis  in 
the  cold  with  5®®  ml  of  ©_®5  M  Tris  buffer,  pH  ft-  Q>.  Even  though  about 
a  10%  loss  in  protein  occurs  during  dialysis,  proteolytic  activity  on 
casein  increases  31%.  Dialysis  with  ®.  ©5  M  Tris  buffer,  pH  ft-®1,  con¬ 
taining  1.®  mM  ethylenediaminetetraacetate  fEDTAJI  results  in  about 
an  18%  loss  in  protein  and  a  63%  loss  m  proteolytic  activity  on  casein. 
Addition  of  up  to  a  two-fold  excess  of  calcium  or  other  metal  ions,  with 
respect  to  EDTA,  to  venom  that  had  been  dialyxed  overnight  in  the  cold 
with  ©.  ®5  M  Tris  buffer,  pH  ft.©,  containing  l.®  mM  EDTA  w as  inef¬ 
fective  in  reversing  the  inhibition,  caused  by  EDTA. 
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TABLE  I 


Effect  of  Dialysis  on.  Protein.  Content  and  Proteolytic  Activity 

of  Crotalus  atrox  Venom. 


Venom  f  10. 0  mg/ ml)  was  dialyzed  overnight  at  2*  ■with.  50©  ml  of  0. 05 
M  Tris  buffer,  pH  8.  Qr  or  Tris  containing  1.0  mM  EDTA.  The  values 
fine  Lading  the  average  deviation!  represent  10-12  experiments .  Pro¬ 
teolysis  was  measured  asing  the  Kunitz  test  f27J. 


Protein 

Volume 

Activity 

Dialysis 

Before 

After 

Before 

After 

Before 

After 

Medium 

% 

% 

% 

% 

% 

% 

Tris 

100. 0  ■ 

90.4*3.8 

10®.  0 

102.3*1.6 

10®.  0 

131.0*6.0 

Tris  -h 

EDTA 

IQ®.  0 

81.8*7.1 

10®.  0 

99.0*1.3 

10®.  0 

37.  0*6.0 

Effect  of  Metal  Eons.  The  data  in  Figure  8  show  the  stabilizing 
effect  of  calcium  ions  on  autodigestion  of  proteolytic  enzymes  of  di¬ 
alyzed  venom-  there  is  also  activation  of  the  proteolytic  enzymes  by 
caLcium  ions.  Although  a  considerable  amount  of  autodigestion  of 
case  mo  Lytic  enzyme  (s)  occurs  within  60  minutes,  addition  of  calcium 
ions  to  a  final  concentration  of  22  mJM  restores  activity  to  its  original 
LeveL.  Dialyzed  venom  Loses  about  50%  of  its  caseinolytic  activity  in 
2  to  3  hours  under  similar  conditions.  Calcium  ions  also  appear  to  be 
potent  activators  of  the  caseinolytic  enzymes  in  this  venom.  Figure  9. 
TabLe  2  (page  IQ)  and  Figure  10  (page  II)  summarize  some  of  the  ex¬ 
periments  of  effects  of  metal  ions  on  proteolytic  enzymes  using  dif¬ 
ferent  substrates.  The  alkaline  earths  seem  to  have  a  general  acti¬ 
vating  effect  on  the  proteolytic  enzymes  with  the  following  exceptions: 
magnesium  ions  inhibit  using  BAFNA  as  substrate;,  barium  ions  do  not 
activate  caseinolysLS.  Manganese  ions  inhibit  proteolytic  activity  ex¬ 
cept  when  using  azocoil  as  substrate.  Divalent  cobalt,  iron,  nickel. 
Lead,  mercury,  cadmium,  copper,  and  zinc  ions  inhibit  proteolytic 
activity  to  varying  degrees  with  the  following  exceptions:  zinc,  iron, 
and  nickel  ions  do  not  inhibit  proteolysis  using  BAPNA  as  a  substrate; 
Lead  ions  do  not  inhibit  caseinolysis. 


"r 

.r 


ClQ, 


+  CjQ; 
*a*»  cjO; 
+!■»  CjOj 


Fig.  8.  Stabilization  of  caseinolysis  by  proteases  of  Crotalus  atrox 
venom.  Dialyzed  venom  (1. 0  mg/ ml)  was  incubated  at  37*  in  0.  0  5  M 
Tris  buffer,  pH  8.  0,  in  the  presence  of  various  concentrations  of  cal¬ 
cium  chloride.  One -half  ml  aliquots  were  assayed  for  caseinolysis  at 
various  intervals  of  time  using  the  Kunitz  test  (2.7).  Venom  controls 
were  incubated  in  the  absence  of  calcium  chloride. 


calcium  coucwnwnw  (*»> 

F  iii.  G.  Erie  et  '.’i  chloride  on  tr.e  caseinolytic  activity  of 

C retains  atrox  venom.  Dialyzed  venom  (1.0  mg/ml)  was  incubated 
at  37“  :r.  0.05  M  Tri~  buffer,  pH  8.0,  with  several  different  con¬ 
centrations  ■  calciim  chloride.  Or.e-r.alf  ml  aliquots  were  removed 
and  assayec  tor  caseinolytic  activity  using  the  Kunitz  test  (27). 
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TABLE  2 


Effect  of  Metal  Ions  on  Proteolytic  Activity  of 
Crotalus  atrox  Venom. 

Venom  and  the  metals  listed  were  incubated  at  37*  for  0  and  60  min¬ 
utes  in  appropriate  buffers  then  assayed.  The  final  concentrations  of 
venom  in  the  incubation  mixtures  for  assay  with  azocall,.  BAPNA, 
congocoll,  and  casein  were  0.  5,  1.0,  G.  £5,  and  0.  5  mg  per  ml,  re¬ 
spectively  {see  Materials  and  Methods). 


BAPNA  Congocoll  Azocoll  Casein 

Per  Cent  Per  Cent  Per  Cent  Per  Cent 
Activity  Activity  Activity  Activity 


Metal 

mM 

0 

Min  60 

0 

Min  60 

0  Min  60 

0  Min  60 

None 

100 

98 

100 

83 

100 

83 

100 

75 

MgS04 

5 

45 

69 

108 

110 

115 

113 

118 

111 

» » 

10 

50 

69 

- 

- 

147 

124 

139 

128 

CaCl^ 

5 

98 

116 

131 

iii 

126 

117 

125 

114 

1  * 

10 

100 

1  £4 

- 

- 

127 

138 

141 

129 

BaCl^ 

5 

101 

121 

109 

107 

140 

118 

96 

73 

' 1 

10 

- 

- 

- 

- 

138 

127 

96 

73 

MnClz 

5 

51 

70 

84 

57 

97 

101 

89 

50 

10 

49 

64 

- 

- 

- 

84 

44 

12 

CoClz 

5 

38 

57 

50 

40 

63 

47 

52 

68 

10 

38 

57 

- 

- 

53 

40 

- 

- 

FeS04 

5 

138 

138 

96 

60 

84 

64 

- 

- 

10 

141 

146 

- 

- 

77 

43 

- 

- 

NiClz 

5 

lib 

144 

81 

10 

93 

27 

- 

20 

10 

- 

- 

- 

- 

66 

15 

53 

10 

Pb(oAc)  ? 

5 

87 

87 

8i 

55 

95 

75 

III 

91 

10 

77 

75 

- 

- 

71 

62 

69 

75 

HgCl2 

5 

5 

16 

43 

19 

- 

- 

19 

7 

10 

0 

2  9 

- 

- 

13 

25 

6 

2 

CdC  I  , 

5 

11 

83 

iO 

7 

54 

38 

4 

l 

10 

o3 

78 

- 

- 

55 

26 

1 

I 

c.ic:z 

5 

- 

- 

34 

8 

43 

35 

35 

9 

10 

80 

78 

- 

- 

42 

33 

4 

4 

Zr.SC  . 

-t 

- 

88 

lii 

67 

59 

87 

80 

32 

25 

10 

- 

- 

- 

- 

71 

6  5 

8 

8 

10 
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Fig-  IQ-  Effect  of  heavy  metal  ions  on.  the  c  as  eino  Lytic  activity  of 
CrotaLus  atrox  veaom.  Dialyzed  flenom  P _ Q  mg/ml))was  incubated 
at  57"  in  Q-  05  &£  T ris  buffer,  pH  &-G1,  containing  various  concentra¬ 
tions  of  Mn++,  Zn'H',.  Hg++-  Ca++,  Ni++,,  amiCtf14  for  b<l  minutes  _ 
One-half  ml  aliquots  were  then  removed  and  assayed  for  c  as  eino  lytic 
activity  using  the  Kunitz  test  p7))- 


Effect  of  Enzyme  inhibitors-  The  data  in  Table  5  indicate  the  ef¬ 
fects  of  various  inhibitors  on  prateoLytic  activity-  Only  caseino Lytic  ac¬ 
tivity  seems  to  be  appreciably  inhibited  by  the  sulfhydryl  group  reagents 
tested-  ALL  proteases  seem  to  be  inhibited  by  thiol  group-containing 
compounds;.  British  anti- Lew  isite  (®AL.)V  however,,  does  not  inhibit  pro¬ 
teolytic  activity  with  BAPNA  as  substrate-  Diisopropylfluorophosphate 
('DFP)t  inhibits  only  proteoLytic  activity  on  BAPNA-  The  chelating  agent, 
EDTA-  inhibits  proteoLytic  activity  on  all  substrates  tested  with  excep¬ 
tion  of  BAPMA.  M-bromosuccinimide  ('TIBS)'  inhibits  only  proteoLytic  ac¬ 
tivity  on.  BAPIMA  and  congocoLl-  Chemical  analysis  for  tryptophan  and 
the  absorption  spectrum  (12Q-34Q  mp.)'  of  NBS-treated  venom  indicate  a 
Less  of  ca.  half  the  tryptophan  content  ('1-44%)'  of  C rotalus  atrox  venom. 

Results  of  TabLe  4  (page  L5)  snow  the  effect  of  dihyrothioctic  acid 
(DHT  A)1  on  case  mo  Lytic  activity  of  C rotalus  atr ox  venom-  Low  concentra¬ 
tions  of  EXIT  A  have  Little  effect  on  caseinolytic  activity  of  high  concentrations 
of  venom  (71  mg/ ml).  When  higher  concentrations  of  DHT A  are  mixed  w ith 
Less  veaom  (4  mg/ ml)-  an  immediate  inhibition  of  caseinolysis  occurs. 
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TABLE  3 


Effect  of  Various  Enzymic  Functional  Group  Inhibitors  on 
Proteolytic  Activity  of  Crotalus  atrax  Venom 

Venom  and  the  inhibitors  Listed  were  incubated  at  37*  for  0  and  60  min¬ 
utes  in  appropriate  buffers  then  assayed-  The  final  concentrations  of 
venom  in  the  incubation  mixture  for  assay  with  azocoLL,  BAPNA,  con- 
gacoLl and  casein  were  Q- 5,  1-0,  0-25,  and  Q.  5  mg  per  ml,  respectively 
(see  Materials  and  Methods )- 


Inhibitor 

Cone.. 

BAPNA 

AzocoLl 

Casein 

mM 

Per  Cent 
Activity 

Per  Cent 
Activity 

Per  Cent 
Activity 

Per  Cent 
Activity 

Inhibitor 

0  Min  60 

0  Min  60 

0  Min  60 

0 

Min  60 

GMIU* 

111 

100 

_ 

&3 

85 

54 

62 

47 

pHMB 

0.  L 

99 

79 

105 

143 

100 

94 

8 

9 

1-0 

97 

- 

125 

135 

93 

96 

8 

12 

LAA 

10.  0 

96 

100 

99- 

65 

12.1 

92. 

100 

72 

100.  0 

97 

too 

1Q0 

65 

119 

12.1 

0 

0 

NEM 

10.  0 

12.8 

115 

87 

84 

84 

71 

39 

47 

100.  0 

139 

103 

95 

69 

66 

58 

- 

- 

2- MCE 

100.  0 

107 

82 

79 

72 

2.1 

3 

7 

2 

1000.  0 

98 

47 

26 

3 

4 

3 

0 

2 

BAL 

5..0 

- 

- 

21 

9 

6 

0 

1 

1 

10.  0 

100 

98 

1  5 

- 

4 

3 

3 

3 

EDT  A 

0.  1 

90 

92 

- 

- 

75 

7 

67 

0 

1.  0 

94 

100 

0 

3 

13 

1 

13 

0 

MBS 

1-0 

71 

28 

100 

79 

104 

93 

104 

91 

L0..0 

35 

6 

67 

61 

18 

0 

- 

- 

DFP 

1-0 

o  3 

L7 

92 

8L 

86 

75 

105 

74 

5..0 

33 

18 

95 

88 

73 

59 

103 

86 

C  octroi 

- 

100 

98 

100 

83 

100 

83 

100 

75 

* 

Venom  ( 

11.  2^  mg/ ml)  was  ircu 

bated  tor  7 

2  hours 

at  2“C 

w  ith 

a  50:  l 
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it  37 

“C  ar.( 

i  0  a: 
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mute  samples  were 
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TABLE  4 


Effect  of  Dihydrothioctic  Acid  on  Caseinolytic  Activity  of 
Crotalus  atrox  Venom 

Venom  and  dihydrothioctic  acid  were  incubated  at  37“  for  0  and  60  min¬ 
utes  in  0.  1  MTris  buffer,  pH  8.  0,  so  that  the  final  concentration  of  ven¬ 
om  or  dihydrothioctic  acid  was  that  listed  in  the  table.  Aliquots  were 
then  removed,  diluted  with  buffer  to  give  a  final  concentration  of  1.0  mg 
per  ml.  The  proteolytic  assay  of  Kunitz  (27)  was  used  to  test  venom 
activity. 


DHTA 

mM 

Venom 
mg/ ml 

Per  Cent  Activity 

0  Min  60  Min 

0.  0 

40 

100 

47 

2.4 

72 

54 

49 

12 

40 

29 

6 

18 

20 

- 

2 

18 

4 

7 

1 

The  effect  of  e-aminocaproic  acid  (EACA)  on  caseinolysis  is  seen 
in  Table  5.  Low  concentrations  of  EACA  activate  while  higher  concen¬ 
trations  inhibit  caseinolysis. 


TABLE  5 

The  Effect  of  Epsilon-Aminocaproic  Acid  on  the  Caseinolytic 
Activity  of  Crotalus  atrox  Venom 


Venom,  containing  the  concentration  of  EACA  shown,  was  incubated 
for  60  minutes  at  37“  then  assayed  for  caseinolytic  activity  using  the 
Kunitz  (27)  test. 


EACA 

Molarity 

Venom 

mg/ml 

Activity 
Per  Cent 

Venom 
mg/ ml 

Activity 

Per  Cent 

0.  00 

1. 00 

100 

0.  50 

100 

0.  10 

1. 00 

112 

- 

- 

0.  20 

1. 00 

123 

- 

- 

0.  58 

0.  9o 

151 

0.  48 

204 

0.  1  3 

0.  93 

1  57 

0.  47 

213 

1.  o* 

0.  85 

88 

0.  42 

126 

3.  33 

0.  o  ^ 

^8 

0.  33 

4  5 

I  3 


O-methylis ourea  (OMIU),  a  compound  which  converts  t-amino 
groups  of  proteins  to  guanidine  groups,  inhibits  only  the  proteolytic  ac¬ 
tivity  on  casein  and  congocoll.  It  is  thus  apparent  that  primary  amino 
groups  are  needed  only  for  the  activity  of  the  caseinolytic  enzyme  in 
Crotalus  atrox  venom  and  activity  on  congocoll. 

Hydrolysis  of  Synthetic  Substrates.  Table  6  lists  relative  ac¬ 
tivities  of  Crotalus  atrox  venom  on  various  substrates.  Only  N-p- 
toluenesulphonyl-L-arginine  methyl  ester  (TAME),  N-benzoyl-L- 
arginine  methyl  ester  (BAME),  and  N-benzoyl-L-arginine  ethyl  ester 
(BAEE)  are  hydrolyzed.  No  activity  could  be  detected  on  other  sub¬ 
strates  listed  with  ten  times  the  amount  of  venom  used  on  TAME, 
BAME,  or  BAEE. 


TABLE  6 

Hydrolysis  of  Synthetic  Substrates  by  the  Proteases  of 
Crotalus  atrox  V enom 

Hydrolysis  of  various  synthetic  substrates  was  measured  titrimet- 
rically  (MET ROHM  COMBmTRATOR  3-D)  at  pH  7.  50  by  adding 
0.  Z0  ml  of  venom  (1.0  mg  per  tnl)  reconstituted  in  distilled  water, 
to  Z.  5  ml  of  a  0.01  M  solution  of  each  substrate  dissolved  in  distilled 
water,  adjusted  to  pH  7.  50  immediately  prior  to  the  addition  of  venom. 
The  rates  of  hydrolysis  were  constant  until  almost  all  of  the  substrate 
had  been  hydrolyzed. 


Relative 

Substrate  Activity 


N-p-Toluenesulphony i-L-Arginine  Methyl  Ester  1.00 

N-Benzoyl-L-Arginine  Methyl  Ester  1.  19 

N-Benzoyi-L-Arginine  Ethyl  Ester  1.04 

N-Acetyl-L-Tyrosine  Ethyl  Ester  0.  00 

L-Lysine  Methyl  Ester  0.00 

L-Lysine  EthvL  Ester  0.00 

N-Benzoyl- L-GLycine  Methyl  Ester  0.00 

Hippuryl- L-Lysine  0.00 

Hippury  1- L-Arginine  0.00 

N-Carbobenzoxygiycyl-L-Phenylalanme  0.  00 

N-Carbobenzoxy-L-Glutamvl-L-Phenylalanine  0. 00 

L-Proiy Iglycine  0.  00 

Glycyl- L- Prohne  0.00 
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Proteolysis  of  Fibrin  Blue.  Fibrin  blue,  a  substrate  of  pepsin, 
was  not  hydrolyzed  by  Crotalus  atrox  venom  at  either  pH  2.  0  or  4.  0. 
At  higher  pH  values  the  substrate  becomes  soluble  and  cannot  be  used. 

DISCUSSION 


Overnight  dialysis  (16-18  hours)  in  the  cold  with  0.05  M  Tris  buf¬ 
fer,  pH  8.0,  causes  some  loss  (ca.  10%)  in  protein  of  Crotalus  atrox 
venom..  Loss  ir.  these  presumably  Low  molecular  weight  species  of 
protein  is  apparently  not  correlated  with  a  loss  in  caseinolytic  activ¬ 
ity  because  the  latter  activity  actually  increases  (by  ca.  31%)  after 
dialysis.  Obviously,  some  low  molecular  weight  substances  which  in¬ 
hibit  caseinolytic  activity  are  removed  during  dialysis.  Dialysis  with 
Tris  buffer  containing  1.0  mM  EDTA  resulted  in  a  63%  loss  in  caseino¬ 
lytic  activity,  concomitantly,  about  an  1  P%  Loss  in  protein  occurred. 


It  is  presumed  that  loss  in  caseinolytic  activity  during  dialysis 
against  EDTA  was  a  result  of  removal  of  some  metaL  ion  from  a  pro¬ 
tease  in  venom  or  formation  of  an  inactive  EDTA-metal-enzyme  com¬ 
plex  which  is  inactive  with  respect  to  proteolysis.  Only  with  BAPNA 
as  substrate  was  it  found  that  EDTA  did  not  cause  inhibition  of  proteo¬ 
lysis.  With  ail  other  substrates  almost  complete  inhibition  occurred 
rapidly  with  very  low  concentrations  of  EDTA.  Ethylenediammetetra- 
acetate  has  been  shown  to  have  no  effect  on  tryptic  or  chymotryptic  ac¬ 
tivity.  The  Lack  of  inhibition  of  EDTA  on  hydrolysis  of  BAPNA  (a 
tryptic  substrate)  by  Crotalus  atrox  venom  is  similar,  therefore,  to 
lack  of  effect  shown  by  EDTA  on  trypsin  (31).  Henriques  et  aL(3) 
have  shown  that  proteoLytic  activity  of  Jararacan  venom  on  benzoyl-L- 
arginine  amide,  another  tryptic  substrate,  is  not  inhibited  by  EDTA. 

In  addition  to  proteases  of  Jararacan  venom,  proteases  of  Habu 
venom  and  Agkistrodon  piscivorus  venom  and  others,  are  inhibited  by 
EDTA  (9,  10,  32-34).  Papain  (35)  and  ficin  (36)  are  activated  by  che¬ 
lating  agents  (EDTA,  BAL).  There  is  no  similarity  between  these  en¬ 
zymes  and  proteases  of  several  Crotalid  venoms.  Deutsch  and  Dmiz 
(34)  have  found  that  chlorides  of  strontium,  cobalt,  barium,  manganese, 
cadmium,  magnesium,  calcium,  and  zinc  and  nitrates  of  copper  ar.d 
cobalt,  in  a  three-fold  excess  over  the  concentration  of  EDTA  (3.4 
mM),  were  ineffective  ir.  reversing  complete  inhibition  of  venom  of 
Agkistrodon  piscivorus.  Henriques  et  al.(3)  have  demonstrated  that 
casemase  and  gelatmase  activities  of  Jararacan  venom  are  also  in¬ 
hibited  by  EDTA  -.r  a-HydroxcutnoLine. 
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Maeno  (21)  has  presented  evidence  that  hemorrhagic  principles 
of  Habu  venom  are  inhibited  by  EDTA  (10“3  \{),  Maeno  and  Mitsuhashi 
(12)  reported  that  hemolytic  activity  of  Habu  venom  is  significantly  de¬ 
creased  by  EDTA  but  not  o-phenanthrolin. 

In  these  studies,  addition  of  up  to  a  two-fold  excess  of  calcium 
or  other  metal  ions,  with  respect  to  EDTA,  to  venom  that  had  been 
dialyzed  overnight  in  the  cold  with  0.05  ivl  Tris  buffer,  pH  8.0,  con¬ 
taining  1.0  mM  EDTA  was  ineffective  in  reversing  inhibition  caused  by 
EDTA.  If  a  metalloenzyme-inhibitor  complex  had  existed,  one  should 
probably  expect  a  mass-action  reversal  of  inhibition  of  proteolytic  ac¬ 
tivity  by'  EDTA  when  this  excess  of  calcium  ions  had  been  added  after 
EDTA.  It  appears  that  the  metal  ion  was  probably  completely  removed 
from  the  protease(s)  with  concomitant  production  of  an  over-all  protein 
structure  altered  such  that  addition  of  metal  ions  in  an  attempt  to  re¬ 
store  proteolytic  activity,  became  impossible. 

The  pH  optima  using  azocoll,  BAPNA,  and  congocoll  as  proteo¬ 
lytic  substrates  are  similar  to  those  found  by  Pfleiderer  and  Sumyk 
(7)  for  three  chromatographically  separated  proteases  of  Crotalus 
atrox  venom.  The  pH  optima  reported  by  these  authors  are  8.0  -  8.  2 
for  one  protease  and  8.8  -  9.0  for  the  other  proteases.  In  this  study, 
the  pH  optima  using  azocoll,  BAPNA,  and  congocoll  as  substrates  for 
proteolysis  were  shown  to  be  8.0,  8.5,  and  9.0,  respectively,  using 
the  same  buffer  (0.C5  M  Tris)  as  Pfleiderer  and  Sumyk  (7). 

The  pH  optima  for  proteases  of  several  venoms  (3,18)  are  sim¬ 
ilar  to  those  of  plasmin  (37),  trypsin  (38),  chymotrypsin  (39).  and 
thrombin  (40).  Venom  proteases  differ  in  this  respect  from  pepsin 
(41)  and  the  cathepsins  (42)  which  have  low  pH  optima.  It  was  also 
interesting  to  note  that  fibrin  blue,  a  substrate  of  pepsin  (28).  was  not 
hydrolyzed  at  pH  2.0  or  4.0  by  proteases  of  Crotalus  atrox  venom. 

Calcium  ions  were  found  to  both  activate.  Figure  9,  and  stabilize. 
Figure  8,  proteolytic  activity  with  casein  as  substrate.  In  the  presence 
ot  l .  0  —  10.  0  mM  calcium  ions,  little  autodigestion  o  f  proteases  re¬ 
sponsible  for  caseinolysis  occurs.  Loss  in  proteolytic  activity  on 
casein  after  oO  minutes  incubation  of  venom  at  37*  in  0.05  M  Tris 
buffer,  pH  8.0.  car.  be  restored  (and  stabilized)  by  addition  of  cal- 
ci.m  ions  to  a  final  concentration  of  22  mM.  The  caseinolytic  en- 
z\  rr.es  m  C ntiLs  atrox  venom  are  thus  similar  to  both  trypsin  and 
ch’.  mctrvpsir.  which  are  activated  and  stabilized  by  calcium  ions  (43, 
44).  He-.ric.es  et  ai.(3)  have  found  that  caseinolytic  activity  of  Jar- 
aric  -r.  ven:m  is  .r.cr eased  in  the  presence  ■:  calcium  ions  while 
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Ohsaka  (6),  using  Habu  venom,  found  that  calcium  ions  (1.0  mM)  ac¬ 
tivated  caseinolytic  activity  and  proteolytic  activity  on  azocoll. 

The  results  shown  in  Table  2  indicate  that  proteolytic  activity  of 
Crotalus  atrox  venom  of  BAPNA  is  inhibited  by  magnesium  ions.  Mag¬ 
nesium  ions  had  a  slightly  inhibitory  effect  on  proteases  of  Jararacan 
venom.  Proteolytic  activity,  using  casein,  azocoll,  or  congocoll  as 
proteolytic  substrates  is  increased  in  the  presence  of  magnesium  ions. 
Manganese  ions  inhibit  proteolytic  activity  of  Crotalus  atrox  venom  on 
all  the  substrates  tested,  except  azocoll.  The  results  presented  in  this 
paper  are  similar  to  those  of  Ohsaka  (6)  and  Henriques  et  al.(3}. 

It  is  obvious  from  the  data  in  Figure  10  that  not  all  of  the  inhibi¬ 
tory  metal  ions  affect  caseinolytic  activity  of  dialyzed  venom  in  the 
same  manner.  Nickel  and  cadmium  ions  have  an  almost  completely 
inhibitory  effect  at  low  concentrations.  Copper  and  mercury  ions 
cause  inhibition  which  is  progressively  increased  by  higher  concentra¬ 
tions  of  each  ion  up  to  approximately  II  mM.  Manganese  and  zinc  ions, 
although  inhibitory,  are  required  in  much  larger  concentrations  than 
any  of  the  four  cations  mentioned  above  to  give  the  same  amount  of  in¬ 
hibition.  Nickel,  lead,  mercury,  and  copper  ions  inhibit  proteolytic 
activity  of  Crotalus  atrox  venom  with  all  substrates  tested  except  lead, 
which  does  not  inhibit  caseinolytic  activity.  Deutsch  and  Diniz  (34} 
have  shown  that  copper,  manganese,  cadmium,  cobalt,  and  zinc  ions 
inhibit  proteolysis  of  urea-denatured  hemoglobin  in  varying  degrees 
using  venom  of  Agkistrodon  piscivorus.  From  the  above  discussion, 
it  may  be  said  that  proteases  of  venom  (e.  g.  ,  Jararacan,  Habu, 
Crotalus  atrox,  Agkistrodon  piscivorus}  are  ail  inhibited  by  divalent 
ions  of  cadmium,  copper,  zinc,  mercury,  cobalt,  and  manganese, 
while  calcium  activates  most  of  these  proteases.  In  these  respects, 
proteases  of  venom  are,  in  general,  similar  to  trypsin  (40,43,44} 
and  chymotrypsin  (43). 

Only  caseinolytU:  activity  appears  to  be  inhibited  to  any  great 
degree  by  compounds  which  react  with  sulfhydryl  groups.  In  this 
respect,  protease(s)  in  venom  of  Crotalus  atrox  are  similar  to  papain 
(3^),  collagenase  (43),  ficin  (36),  the  cathepsins  (42),  and  the  Ha-  and 
H3-proteinases  of  Habu  venom  (Q,  10). 

Use  of  NE5  m  determining  whether  indole  residues  might  be  part 
of  the  "active  site"  of  biologically  active  proteins  has  been  well  docu¬ 
mented  (23.  4o-4'i).  NES  is  quite  specific  for  tryptophan  residues,  so 
m.ch  So  that  it  has  been  .sed  to  estimate  the  tryptophan  content  of  sev¬ 
eral  proteins.  Res  .Its  of  the  present  investigation  indicate  that 
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proteolytic  activity  of  Crotalus  atrox  venom  with  BAPNA  and  congocoll 
as  substrates  is  inhibited  by  NBS.  Apparently,  certain  tryptophan  res¬ 
idues  are  needed  in  enzymic  catalysis  in  the  case  of  venom  proteases, 
as  in  the  case  of  trypsin  (46),  chymotrypsin  (47),  or  bacterial  a- 
amylase  (23). 

Diisopropylphosphofluoridate  inhibits  only  proteolytic  activity  on 
BAPNA.  Markwardt  and  Walsmann  (50)  have  shown  that  gelatinase  ac¬ 
tivity  of  venom  of  Vipera  russellii  is  only  slightly  (ca.  20%)  inhibited 
by  2.  5  x  10~3  M  DFP.  Plasmin  (37),  trypsin  (51,52),  chymotrypsin 
(51,  52),  and  thrombin  (53,  54)  are  also  inhibited  by  DFP.  Apparently, 
the  proteolytic  activity  of  Crotalus  atrox  venom  on  BAPNA  is  similar 
to  the  above-mentioned  enzymes.  The  Hf3 -proteinase  of  Habu  venom 
is  not  inhibited  by  DFP  (9). 

Proteolytic  activity  with  all  substrates  utilized  appears  to  be  in¬ 
hibited  by  organic  compounds  containing  free  thiol  groups.  Dihydro- 
thioctic  acid.  Table  4,  has  little  effect  at  low  concentrations  on  high 
concentrations  of  venom,  but  it  does  have  an  immediate  inhibitory  ef¬ 
fect  when  high  concentrations  are  used  on  low  concentrations  of  ven¬ 
om.  BAL  has  been  used  by  Veeraraghavan  (55)  and  Sawai  et  al.(56) 
as  an  antitoxic  agent  in  animals  for  different  snake  venoms.  ~Mercapto- 
ethanol  and  BAL,  however,  Sawai  et  al.(5b)  claim,  are  more  toxic  per 
£e  than  DHTA,  although  equally  effective  in  neutralizing  toxic  effects 
of  Habu  venom  in  vitro. 

In  this  paper  it  has  been  shown  that  BAL  inhibits  proteolytic  ac¬ 
tivity,  except  that  determined  with  BAPNA  as  substrate.  Another  re¬ 
ducing  agent,  2-mercaptoethanol,  has  a  slightly  inhibitory  effect  on  the 
breakdown  of  BAPNA,  but  almost  completely  inhibits  proteolysis  with 
the  other  substrates  tested. 

With  respect  to  substrate  specificity.  Table  6,  venom  of  Crotalus 
afro*  apparently  lacks  carboxypeptidase  A  or  B  activity  as  indicated  by 
lack  of  hydrolysis  of  N-carbobenzoxyglycyl-L-phenyialanine  and  hip- 
puryl-L-arginine  or  hippuryl-L-lysine.  Absence  of  prolidase  or  pro¬ 
linase  activity  is  indicated  by  failure  of  venom  to  hydrolyze  glycyl-L- 
prolme  and  L-prolylglycine.  No  chymotryptic  activity  was  detected 
using  N-acetyl-L-tyrosine  ethyl  ester  as  substrate.  Pepsin-like  ac¬ 
tivity  was  lacking  as  manifested  by  negative  hydrolysis  of  N-carbo- 
benzoxy-L-glutamyl-L-phenylalanine.  Maeno  and  Mitsuhashi  (57) 
have  listed  some  similar  results  for  HP-proteinase  of  Habu  venom. 

As  shown  in  TabLe  6,  papain-like  activity  was  apparently  absent  be¬ 
cause  of  lack  of  hydrolysis  of  N-carbobenzoxyglycyl-L-phenylalanine 
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and  N-benzoylglycine  methyl  ester  (58).  Plasmic  (59)  and  thrombic 
(60)  activities.  Table  6,  were  lacking  in  the  sense  that  lysine  esters 
were  not  hydrolyzed.  Seifter  et  al„(61)  have  reported  that  their  col- 
lagenase  preparations  will  not  hydrolyze  BAEE.  The  substrate  spec¬ 
ificity  or  proteases  of  Crotalus  atrox  venom  is  thus  more  probably 
similar  to  trypsin  than  other  types  of  proteases. 

The  studies  thus  far  discussed  point  out  two  items  for  considera¬ 
tion  when  one  deals  with  proteolytic  activities  of  snake  venom. 

First,  use  of  more  than  one  substrate  in  assaying  proteases  in 
the  presence  of  enzymic  inhibitors  might  indicate  whether  more  than 
one  type  of  proteolytic  enzyme  is  present  in  a  given  venom.  If  only 
one  type  of  protease  were  present  in  Crotalus  atrox  venom,  then  the 
same  degree  of  inhibition  should  have  resulted  when  any  inhibitor  was 
used  under  similar  conditions  regardless  of  the  substrate  used  to  meas¬ 
ure  enzymic  activity,  assuming  only  one  active  center  for  the  enzyme. 

It  therefore  appears  that  Crotalus  atrox  venom  contains  four  proteases. 

Second,  absence  of  proteolytic  activity  on  a  given  substrate  in 
fractions  collected  either  electrophoretically  or  chromatographically, 
might  not  exclude  absence  of  every  type  of  protease  in  the  material  or 
fractions  tested.  Ohs  aka  et  ai.(5)  have  shown  that  Habu  venom  con¬ 
tains  at  Least  five  electrophoretic  components  having  proteolytic  activ¬ 
ity  on  casein.  One  component,  however,  had  no  activity  on  azocoll. 

The  effect  of  EACA  on  the  caseinolytic  activity  of  venom  of 
Crotalus  atrox  is  similar  to  that  observed  on  plasmin  (62,63)  and 
trypsin  (62,  63).  High  concentrations  of  EACA  are  needed,  however, 
to  cause  inhibition. 

The  proteases  of  Crotalus  atrox  venom  are  obviously  not  acid 
proteinases,  because  of  their  high  pH  optima.  Evidence  for  the  pres¬ 
ence  of  metal  proteinases,  thiol  proteinases,  and  a  serine  tryptic-type 
proteinase,  sensitive  to  DFP,  in  Crotalus  atrox  venom  has  been  pre¬ 
sented. 

SUMMARY 

I.  Caseinolytic  activity  seems  to  be  appreciably  inhibited  by 
sulfhydryl  group- specif ic  reagents.  AH  proteases  are  inhibited  by 
thiol- containing  compounds.  DiisopropylfLuorophosphate  inhibits  only 
proteolytic  activity  with  N-benzoyl-DL-arginine-p-nitroamlide  as  sub¬ 
strate.  N-bromosuccinimide  inhibits  only  proteolytic  activity  on 
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congocali  and  X-benzoyl-DL-arginine-p-nitroanilide.  Ethylenediamine- 
tetraacetate  inhibits  proteolytic  activity  on  all  substrates  tested  except 
X-  be n  zoy  1  -  DL  -  a r  g  mine  -  p-  nitr  oanilide .  « -Amino-n-caproic  acid  en¬ 
hances  caseinolysis  at  low  concentrations  and  inhibits  at  higher  concen¬ 
trations. 

Z.  Various  synthetic  proteolytic  and  esterolytic  substrates  have 
been  tested  using  Crotalus  atrox  venom;  only  N-fp-toluenesulphonyl)- 
L-arginine  methyl  ester,  N-benzoyl-L-arginine  methyl  and  ethyl  esters 
were  hydrolyzed. 

3.  Calcium,  ions  and  other  divalent  alkaline  earths  have  a  gen¬ 
eral  activating  effect  on  proteolytic  activity  of  venom.  Heavy  metal 
ions  have  a  general  inhibitory  effect  an  proteolytic  activity. 

4.  The  pH  optima  using  azocoLL,  N-benzoyl-DJL-arginine-p- 
nitroanilide,  and  congocoll  as  substrates  for  proteases  of  Crotalus 
atrox  venom  w  ere  found  to  be  8.  0,  &.  5,  and  9.  0,  respectively. 

5.  Crotalus  atrox  venom,  dialyzed  with  Tris  buffer,  loses 
about  10%  of  its  protein  concomitantly  with  an  increase  in  caseinolytic 
activity.  Dialysis  in  Tris  containing  1.0  mM  ethylenediaminetetra- 
acetate  results  in  loss  of  both  caseinolytic  activity  and  protein. 
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